The formation of secondary organic aerosol (SOA) has been widely studied in the 21 presence of dry seed particles at low relative humidity (RH). At higher RH, initially dry 22 seed particles can exist as wet particles due to water uptake by the seeds as well as the 23 SOA. Here, we investigated the formation of SOA from the photooxidation of toluene 24 using an oxidation flow reactor in the absence of NOx under a range of OH exposures 25 on initially wet or dry ammonium sulfate (AS) seed particles at an RH of 68%. The 26 ratio of the SOA yield on wet AS seeds to that on dry AS seeds, the relative SOA yield, 27 decreased from 1.31±0.02 at an OH exposure of 4.66×10 10 molecules cm -3 s to 28 1.01±0.01 at an OH exposure of 5.28×10 11 molecules cm -3 s. This decrease may be due 29 to the early deliquescence of initially dry AS seeds after coated by highly oxidized 30 toluene-derived SOA. SOA formation lowered the deliquescence RH of AS and 31 resulted in the uptake of water by both AS and SOA. Hence the initially dry AS seeds 32 contained aerosol liquid water (ALW) soon after SOA formed and the SOA yield and 33 ALW approached those of the initially wet AS seeds as OH exposure and ALW 34 increased, especially at high OH exposure. However, a higher oxidation state of the 35 SOA on initially wet AS seeds than that on dry AS seeds was observed at all levels of 36 OH exposure. The difference in mass fractions of m/z 29, 43 and 44 of SOA mass 37 spectra, obtained using an aerosol mass spectrometer (AMS), indicated that SOA 38 formed on initially wet seeds may be enriched in earlier-generation products containing 39 carbonyl functional groups at low OH exposures and later-generation products 40 containing acidic functional groups at high exposures. Our results suggest that 41 3 inorganic dry seeds become at least partially deliquesced particles during SOA 42 formation and hence ALW is inevitably involved in the SOA formation at moderate RH.
Introduction
1.16I were used to analyze the AMS data. The molar ratios of hydrogen to carbon (H:C) 181 and oxygen to carbon (O:C) were determined using the Aiken method (Aiken et al., 182 2007, 2008). The ionization efficiency of the AMS was calibrated using 300 nm 183 ammonium nitrate particles. The particle-free matrix air, obtained by passing the air 184 flow from the PAM reactor through a HEPA filter, was measured for at least 20 min 185 before each experiment to determine the signals from major gases. 186 The collection efficiency (CE) of an AMS is dependent on the chemical by less than 5% of the average mass of sulfate after coated by SOA for both wet and 198 dry AS seeds conditions. For the quantification of SOA, the contribution from 199 background organic aerosols was subtracted from the total organic aerosols. The ratio 200 of SOA mass to background organic mass ranged from 7 to 59, indicating that the 201 contribution from background organics was negligible. Aerosol particles typically pass 202 through a silica gel diffusion dryer to remove ALW before they are measured by AMS.
203
However, this may lead to some losses of semivolatile organics through reversible 204 partitioning (Wong et al., 2015; Faust et al., 2016) . In this study, the AS/SOA mixed 205 particles stream passed through and bypassed a diffusion dryer alternately before they 206 were measured by AMS. Overall less than 8% of SOA were lost for wet and dry AS 207 seeds after passing the diffusion dryer ( Fig. S3 ), possibly due to reversible partitioning 208 of the SVOCs. In this paper, the data reported are those bypassing the diffusion dryer.
209
A scanning mobility particle sizer (SMPS, TSI Incorporated, USA, classifier model 210 3082, CPC model 3775) was used to measure particle number concentrations and size 211 distributions. Particle size ranged from 15 nm to 661 nm.
212
To evaluate the influence of seed surface area on SOA formation, we conducted 213 another experiment at OH exposure of 0.47×10 11 molecules cm -3 s with 50% of the seed 214 surface area used in the wet AS experiment. The difference in SOA concentration was 215 approximately 1% between these two experiments. Hence the 20% difference in seed 216 surface area as well as the difference in mass loadings between wet and dry AS particles 217 cannot account for the difference in SOA yield to be discussed below. 
Estimation of aerosol liquid water (ALW) content 219
The ALW content of the initially dry AS was zero. However, as reactions proceed, SOA 220 themselves can uptake water and also lower the deliquescence RH of AS, leading to 221 water uptake by AS and some fractions of AS in aqueous phase. The ALW contents of 222 AS (ALWAS) and toluene-derived SOA (ALWSOA) were estimated from the following 223 equations (Kreidenweis et al., 2008) :
where VAS and VSOA represent the volume concentrations of dry AS and SOA particles, and ρw is the density of water (1.0 g cm -3 ). Here, αw was assumed to be equivalent to 232 RH/100 for simplicity. The volume concentrations of dry AS and SOA particles were 233 estimated from the measured mass concentration of AS and SOA assuming their 234 respective particle densities to be 1.77 g cm -3 and 1.4 g cm -3 (Ng et al., 2007) .
235
For the initially wet AS seeds, all AS particles were completely aqueous and 236 therefore f = 1. For the initially dry AS seeds, before reactions, the AS particles were 
The term ε is the volume fraction of SOA (Table 1) . The term εD, representing the 243 volume fraction of organics at which the mixture of SOA and AS particles deliquesced 244 at an RH of 68%, was estimated to be 0.75 based on the liquidus curve. 
271
Note that the wall loss of particles was not corrected in this study, so the SOA yields 272 may be underestimated. As wet and dry AS seeds in this study had similar particle 273 number size distributions, the wall loss of particles would not affect the comparison of 274 SOA yield between wet and dry AS seeds.
275
As shown in Fig. 2a , a higher SOA yield was observed for wet AS seeds than for 276 dry AS seeds at the same OH exposure and the difference in SOA yield decreased as 277 the OH exposure increased. The ratio of SOA yields on wet AS seeds to those on dry 278 AS seeds, the relative SOA yield, was 1.31±0.02 at an OH exposure of 0.47×10 11 279 molecules cm -3 s but decreased to 1.01±0.01 when the OH exposure was increased to 280 5.28×10 11 molecules cm -3 s (Fig. 2b) . These ratios are comparable to the 1.19±0.05 
383
We evaluate whether enhanced uptake of OH radicals on initially wet AS seeds 384 could explain the difference in oxygen contents, following the method of DeCarlo et al.
385
(2008). We calculated R, the ratio of the difference in oxygen of OA between the 386 initially wet and dry AS seed particles to the difference in the total number of OH OH radicals can potentially explain the differences in oxygen contents in the dry and 395 wet experiments. Fig. S6 shows that R is larger than unity at low OH exposures and 396 smaller than unity at high OH exposures. This analysis suggests that the enhanced OH 397 uptake may contribute to the difference in oxygen contents between dry and wet cases 398 at higher OH exposures. At low OH exposures, the enhanced gas-particle partitioning 399 may dominate the difference. covering the transition from functionalization reactions to fragmentation reactions. We 409 found that the ratio of SOA yield on wet AS seeds to that on dry AS seeds decreased 410 from 1.31 to 1.01 as the OH exposure increased from 0.47×10 11 to 5.28×10 11 molecules 411 cm -3 s. This decrease coincides with the decrease of differences in ALW between the 412 wet and dry cases, which may be due to water uptake by SOA as well as the early 
